Introduction {#s0001}
============

Inflammation is a defence mechanism against various infections and injuries that induces fever, swelling, pain and various functional disorders. Acute inflammation can cause serious damage and even death in extreme cases (Angus et al. [@CIT0003]). When acute inflammation shifts to chronic inflammation, other diseases may be induced, including cancer, atherosclerosis, osteoarthritis and Alzheimer's disease (Ferrucci et al. [@CIT0009]; Vasto et al. [@CIT0027]). How to control inflammation and inflammation-mediated illnesses remains a serious challenge. The exploration and development of anti-inflammatory drugs are major issues in current medical science.

Macrophages, the representative immune cells involved in innate immunity, play a key role in triggering inflammatory reactions by secreting pro-inflammatory cytokines, such as tumour necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6 and inflammatory mediators, including nitric oxide (NO), cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE2) (Raetz & Whitfield [@CIT0025]; Woods et al. [@CIT0031]). As a component of Gram-negative bacteria membranes, lipopolysaccharide (LPS) is known to stimulate immune cells to secrete pro-inflammatory cytokines and is often used as an established model in inflammation research.

*Sonchus oleraceus* L. (Asteraceae) (SO) is a dietary and traditional medicinal plant in Chinese folk culture that can be cooked and eaten to treat inflammatory disease. Currently, studies have indicated that the extract of SO exert many bio-activities, including antioxidant (McDowell et al. [@CIT0019]; Yin et al. [@CIT0034]), antibacterial (Xia et al. [@CIT0032]), anxiolytic (Cardoso Vilela et al. [@CIT0007]), antinociceptive (Vilela et al. [@CIT0029]), anti-ageing (Ou et al. [@CIT0024]), antitumour (Volynskii Iu et al. [@CIT0030]; Han et al. [@CIT0012]) and anti-inflammatory properties (Vilela et al. [@CIT0028]). But, its underlying mechanism of the anti-inflammatory action is unknown.

In this study, the anti-inflammatory effects of SO extract were evaluated using a LPS-stimulated RAW 264.7 cell (mouse macrophages) model. The production levels of the pro-inflammatory cytokines, TNF-α, IL-1β and IL-6, and other inflammatory mediators, including NO and PGE-2, in RAW 264.7 cells were tested. The expression levels of cyclooxygenase-2 (COX-2), Toll-like receptor 4 (TLR-4), nuclear factor-κB (NF-κB) and phosphorylated (activated) signal transducers and activators of transcription (pSTAT) 1 and pSTAT3 in RAW 264.7 cells were also analyzed. Then, the anti-inflammatory effects of SO extract *in vivo* were assessed using the xylene-induced mouse ear oedema model. Furthermore, the bioactive compounds in the SO extracts were evaluated by HPLC-MS analysis.

Materials and methods {#s0002}
=====================

Preparation of Sonchus oleraceus extracts {#s0003}
-----------------------------------------

Entire plants of *S. oleraceus* were provided by the Desert Plants & Ecological Civilization Research Center of Northwest University. Dried plant material (100 g) was extracted with 1 L of doubly distilled (dd) water at 70 °C for 48 h. The final aqueous extract was lyophilized in a freeze dryer (ALPHA 1-2/LD-2, Marin Christ, Osterode, Germany), and the lyophilized powder was collected and stored at −20 °C.

Cells {#s0004}
-----

The RAW 264.7 cell line was purchased from the American Type Culture Collection (ATCC, Manassas, VA) and maintained in DMEM cell culture media (Gibco BRL, Gaithersburg, MD) supplemented with 10% foetal calf serum, 100 IU/mL penicillin, and 100 mg/mL streptomycin (Genview, Carlsbad, CA) in a humidified 5% CO~2~ atmosphere at 37 °C.

Cell viability and proliferation assay {#s0005}
--------------------------------------

Lyophilized powder of *S. oleraceus* (SO) extract was prepared as a storage solution (100 × working solution) at 50 mg/mL and as gradient diluted solutions (50, 25, 12.5, 6.25, 3.13 and 1.56 mg/mL). RAW 264.7 cells (5 × 10^5^) were suspended in 200 μL DMEM media with the 1% storage solutions of the SO extract (working concentrations of 500, 250, 125, 62.5, 31.3 and 15.6 μg/mL) and cultured in 24-well plates (Costar, New York, NY) at 37 °C in a 5% CO~2~ incubator for 24 h. After treatment with the SO extract, the RAW 264.7 cells in each group were dissociated, collected by centrifuging at 1000 *g* for 5 min, washed with PBS and re-suspended in 600 μL DMEM media. Then, 20 μL CCK-8 (Cell Counting Kit-8, Dojindo, Japan) was added to 200 μL cell suspensions per well in a 96-well plate in triplicate for each group. The same quantity of cells without extract was used as the control group. The 96-well plate was incubated for 2 h at 37 °C in a 5% CO~2~ incubator. The absorbance (***A***) values per well were recorded at 450 nm using a microplate reader (BioTek Synergy-4, VT). The cells in the control group were considered as 100% viable. The inhibition rate was calculated according to the following equation: $${Inhibition}{rate}\left. \quad(\% \right) = \left( 1 - A\left( {experiment} \right)/A\left( {control} \right) \right) \times 100\%.$$

Pro-inflammatory-related gene expression assay {#s0006}
----------------------------------------------

After treatment with LPS (1 μg/mL) alone, with SO extract, or with dexamethasone (1 μmol/mL as the positive control) for 24 h, the total RNA of the RAW 264.7 cells was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA). Relative quantitative PCR (RT-qPCR) and the SYBR Green random mixing method were used to test the mRNA expression of pro-inflammatory cytokines and mediators: TNF-α, IL-1β, IL-6, COX-2 and PGE2. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used as the internal control. Relative changes in gene expression were calculated according to the 2^−ΔΔ^ *^C^* ^t^ method (Livak & Schmittgen [@CIT0018]). All primers used are shown in [Table 1](#t0001){ref-type="table"}. RT-qPCR was performed according to the instructions of the TransStart Top Green qPCR SuperMix kit (TransGen Biotech, Beijing, China). The reaction mixtures were incubated for 30 min at 48 °C, followed by 40 cycles of PCR at 94 °C for 5 s, 55 °C for 15 s and 72 °C for 10 s. At the end of 40 cycles, a melting curve analysis was conducted to confirm the existence of an amplified product in the expected size.

###### 

Primer pairs used for RT-qPCR analysis.

  --------------------------------------------------------------------
  Primer   Sequence (5′--3′)
  -------- -----------------------------------------------------------
  TNF-α    F:5′AGAAAGCATGATCCGCGACGTG3′\
           R: 5′TCATCCCTTTGGGGACCGATCA3′

  IL-1β    F:5′CGCTCAGGGTCACAAGAAACCA3′\
           R:5′TGACCAATTCATCCCCCACACG3′

  IL-6     F:5′TGCCTTCTTGGGACTGATGCTG3′ R:5′TGCAAGTGCATCATCGTTGTTC3′

  COX-2    F:5′TGCTGCCCGACACCTTCAACAT3′ R:5′AGCTCACTCCATCTCAGTCAGT3′

  PGE-2    F:5′AGACATGTCCCTTCTGCAGC3′\
           R:5′TGCAAGCTGTCTCCTTCCTG3′

  GAPDH    F:5′GGGCACAGGGGAAAAATTCCTG3′\
           R:5′CCCAATACGGCCAAATCCGTTC3′
  --------------------------------------------------------------------

Analysis of TLR-4, COX-2 and pSTATs {#s0007}
-----------------------------------

The expression of TLR-4 and COX-2 in the RAW 264.7 cells were analyzed using flow cytometry. The pSTAT1 and pSTAT3 were also analyzed to explore the related signalling pathway by which the extracts acted on the cells.

After treatment, RAW 264.7 cells in each group were dissociated to pellets (1 × 10^5^ each) and washed twice with PBS, and then the TLR-4 antibody (eBioscience, Shanghai, China) was added to the cells. After staining for 10 min, the pellets were analyzed by flow cytometry. By using fixation/permeabilization concentrate (Affymetrix eBioscience, San Diego, CA) pre-permeated, the remaining prepared pellets were stained with pSTAT1, pSTAT3 (Santa Cruz Biotechnology, Dallas, TX) or COX-2 antibodies (Abcam, Shanghai, China) for 10 min to test the pSTATs and COX-2 levels.

Western blot assay for NF-κB {#s0008}
----------------------------

For Western blot analysis, RAW 264.7 cells in each group (2 × 10^7^ each) were dissociated, washed with PBS and re-suspended in RIPA lysis buffer (CWbiotech, Beijing, China) supplemented with protease inhibitor (CWbiotech, Beijing, China) on ice for 20 min. The lysate of the RAW 264.7 cells was quantified via a BCA (BCA Protein Assay Kit, Beyotime Institute of Biotechnology, Haimen, China) assay. The lysate was separated by 12% Tris-glycine gels in equal amounts, and then transferred onto polyvinylidene fluoride (PVFD) membranes. Under gentle shaking, the blots were first blocked in 5% nonfat milk for 1 h. After washing in TBST three times, the blots were incubated with NF-κB primary antibody (Abcam, MA, 1:5000 dilution) and anti-β actin antibody (TransGen Biotech, Beijing, China, 1:5000 dilution) overnight at 4 °C. After washing in TBST three times, the blots were incubated with the subsequently secondary antibodies (Goat anti-rabbit IgG, HRP conjugated, Zhuangzhibio, Xi'an, China, 1:2000 dilution) at 4 °C for 50 min under gentle shaking. The blots were washed again with TBS, and then were immersed in the luminous liquid (EasySee^®^ Western Blot Kit, TransGen Biotech, Beijing, China) for 1 min. The signals were detected by exposure of the film in a darkroom. The protein bands were quantified using PhotoShop software, and the relative ratio (grey value~(experiment)~/grey value~(internal control)~) was calculated.

Test for TNF-α, IL-1β, IL-6, PGE2 and NO {#s0009}
----------------------------------------

The secretion of pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) and PGE2 in the RAW 264.7 cells were assessed using the corresponding ELISA Kits (BD Bioscience, CA; R&D Systems, Minneapolis, MN). RAW 264.7 cells in each group (8 × 10^5^) were centrifuged. The cell-free supernatants were harvested and concentrated by using an ultrafiltration cube (Millipore, Shanghai, China). Then, the pro-inflammatory cytokines and mediators in the supernatants were assessed by using specific ELISA kits. Each sample was tested twice, and the *A* values were recorded at 450 nm and 570 nm. According to the *A* values (*A~450--570~*), standard curves were created by using the standards in Curve Expert 13.0. The quantities of these cytokines secreted by RAW 264.7 cells were calculated from each of the standard curves. NO concentration was measured using an NO detection kit (Jiancheng Bioengineering Institute, Nanjing, China) according to the instructions.

Xylene-induced mouse ear oedema {#s0010}
-------------------------------

Fifty Kunming (KM) mice (adult males weighing between 16.32--21.02 g, mean 18.6 ± 2.1 g) provided by the Department of Laboratory Animal Science of Xi\'an Jiaotong University were used in the ear oedema experiment. This animal study was approved by the Ethic Committees of Northwestern Polytechnical University (License: NWPU:2015002). All animals were housed under standardized animal house conditions (12 h light/dark cycle at 22 °C, and relative humidity 50%) with free access to food and water. All experimental procedures conformed to the IACUC policy.

Xylene was used to induce ear oedema based on a previously described method with minor modifications (Saraiva et al. [@CIT0026]). The mice were randomly divided into five groups (10 in each group) (SO low, SO medium, SO high, positive control and control groups) and orally administered SO extract (0.5 mL each) at three concentration gradients (low: 125 mg/kg; medium: 250 mg/kg; and high: 500 mg/kg) or acetylsalicylic acid (100 mg/kg serving as the positive control) for five consecutive days. The control group was orally administered with 0.5 mL dd water. After 1 h of the final feeding, 50 μL xylene was applied with a micropipette to the left ears of the mice, and the right ears served as controls. After 45 min of treatment, the mice were sacrificed. Biopsies of the ears were obtained using a 45 mm diameter punch. The ear oedema was evaluated by measuring the weight of ear slice. The oedema rate of the ear was calculated according to the following equation: $$\left. {Oedema}\quad{rate}\left. \quad(\% \right) = \left( {Weight}\quad{of}\quad{the}\quad{oedema}\quad{ear} \right.{\quad\quad\quad} - {Weight}\quad{of}\quad{the}\quad{control}\quad{ear} \right){\operatorname{}/}{\quad\quad\quad}{Weight}\quad{of}\quad{control} \times 100\%.$$

Determination of major bioactive compounds in the S. oleraceus aqueous extract {#s0011}
------------------------------------------------------------------------------

To measure the major compounds in the *S. oleraceus* extract, HPLC-MS analysis was performed using an Agilent 1200 series equipped (Agilent Technologies, Santa Clara, CA) with a C18 column (XBridge 5 μm, 4.6 × 150 mm) and Agilent online and offline LC-MS software. After dissolving the lyophilized powder, the solution of extract was filtered through a filter membrane (0.45 μm, Navigator nylon organic filter). The column was operated at 40 °C. The mobile phases consisted of A (0.05% aq. trifluoroacetic acid, HPLC grade, H~2~O) and B (acetonitrile). B multistep gradient was used for all analyses, as follows: 0--10 min, 0--30% (v/v) B; 10--13 min, 30% B; 13--15 min, 0% B. The flow rate was 1.0 mL/min, and the sample injection volume was 8 μL. The operating parameters were adjusted as follows: ion source electrospray capillary voltage of 3000 V and capillary temperature of 350 °C. Helium was used as the collision gas and nitrogen as the nebulizing gas. Desolvation was assisted using a counter current nitrogen flow set at a flux of 12 L/min. Full scan mass acquisitions were performed in both negative and positive ion modes by scanning the *m/z* range from 200 to 1200 mass units. By using helium as the collision gas, collision-induced dissociation (CID) spectra were obtained in the ion trap with voltage ramping cycles from 5 to 30 V. Characterization of the constituents was carried out based on the UV and mass spectra data, together with the fragmentation profiles obtained through mass spectrometry (MS spectra), which were compared with literature data and also based on constituents reported for this species in other studies.

Data analysis {#s0012}
-------------

Statistical analyses and IC~50~ calculations were performed by using SPSS 16.0 statistical software (IBM, Armonk, NY). The data were presented as the mean ± SE. The results were analyzed using analysis of variance (ANOVA). Multiple comparisons were performed using the LSD test to evaluate significant differences between the groups. Statistical significance was defined as *p* \< 0.05.

Results {#s0013}
=======

Cell viability and IC~50~ {#s0014}
-------------------------

The results showed that the SO extract could not inhibit the viability of the RAW 264.7 cells at a low concentration. The cells in the control group were considered as 100% viable. As shown in [Figure 1](#F0001){ref-type="fig"}, when the concentrations of SO extract were from 15.6 to 500 μg/mL, the viabilities of the RAW 264.7 cells were 96.71 ± 1.62%, 95.32 ± 1.96%, 76.29 ± 5.48%, 71.52 ± 5.19%, 66.70 ± 4.04% and 62.20 ± 5.02%, respectively. The IC~50~ value of the SO extract on the RAW 264.7 cells was 702.8 μg/mL by using SPSS 16.0 statistical software. The SO extract administered at 31.3 μg/mL had no significant inhibitory effects on the RAW 264.7 cell viability. For this reason, this concentration was used in the subsequent experiments.

![Viabilities and IC~50~ of RAW 264.7 cells after SO extract treatment. Viability and IC~50~ of RAW 264.7 cells after *S. oleraceus* L. (SO) extract treatment, the data derived from absorbance value (*A* value) (Inhibition rate (%) = (1−*A* (experiment)/*A*(control)) × 100%.) and represents mean ± SE of six independent experiments. One-way ANOVA and LSD test (*n* = 6).](IPHB_A_1280514_F0001_B){#F0001}

SO inhibited the gene expression of pro-inflammatory cytokines and mediators {#s0015}
----------------------------------------------------------------------------

By using the RT-qPCR method, the expression levels of inflammatory-related genes (TNF-α, IL-1β, IL-6, COX-2 and PGE2) were assessed. After stimulation by LPS, the expression levels of inflammatory-related genes in the RAW 264.7 cells were significantly up-regulated to 3.29-fold (TNF-α), 3.58-fold (IL-1β), 4.19-fold (IL-6), 2.27-fold (COX-2) and 3.94-fold (PGE2) compared with the control. The gene expression levels decreased in the presence of SO extract and dexamethasone. In the SO group, the expression levels of genes were 0.80-fold (TNF-α), 1.22-fold (IL-1β), 1.44-fold (IL-6), 1.72-fold (COX-2) and 1.14-fold (PGE2) of the control levels. The expression levels in the positive control group were 0.97-fold (TNF-α), 0.86-fold (IL-1β), 1.31-fold (IL-6), 1.18-fold (COX-2) and 1.03-fold (PGE2) of the control levels ([Table 2](#t0002){ref-type="table"}).

###### 

SO extract and dexamethasone down-regulated pro-inflammatory related genes in LPS stimulated RAW 264.7 cells (*n* = 6).

        Gene                             TNF-α         IL-1β         IL-6          COX-2         PGE-2
  ----- -------------------------------- ------------- ------------- ------------- ------------- -------------
  LPS   △△*C*t (compared with control)   −1.72 ± 0.3   −1.84 ± 0.4   −2.07 ± 0.5   −1.18 ± 0.4   −1.98 ± 0.5
        2^−△△^*^*C*^*^t^                 2^1.72^       2^1.84^       2^2.07^       2^1.18^       2^1.98^
        Fold                             3.29\*        3.58\*        4.19\*        2.27\*        3.94\*
  SO    △△*C*t (compared with control)   −0.33 ± 0.4   0.29 ± 0.3    −0.53 ± 0.4   −0.79 ± 0.4   −0.2 ± 0.3
        2^−△△^*^*C*^*^t^                 2^0.33^       2^−0.29^      2^0.53^       2^0.79^       2^0.2^
        Fold                             0.80\#        1.22\#        1.44\#        1.72          1.14\#
  PC    △△*C*t (compared with control)   0.04 ± 0.2    0.29 ± 0.3    −0.39 ± 0.4   −0.24 ± 0.3   −0.04 ± 0.3
        2^−△△^*^*C*^*^t^                 2^−0.04^      2^−0.29^      2^0.39^       2^0.24^       2^0.04^
        Fold                             0.97\#        0.86\#        1.31\#        1.18          1.03\#

SYBR green-based RT q-PCR was used to examine the mRNA levels of pro-inflammatory related genes. The data represent the means ± SE of six independent experiments. One-way ANOVA and LSD test. \**p* \< 0.05 compared with control. \#*p* \< 0.05 compared with LPS group (*n* = 6).

SO inhibited the expression of pro-inflammatory cytokines and NO {#s0016}
----------------------------------------------------------------

The expression levels of pro-inflammatory cytokines were analyzed via ELISA ([Figure 2](#F0002){ref-type="fig"}). The results showed that after stimulation by LPS, the expression levels of TNF-α, IL-1β, IL-6 and PGE2 significantly increased to 1662.7 ± 83.1 pg/mL (TNF-α), 119.7 ± 18.4 pg/mL (IL-1β), 243.7 ± 34.6 pg/mL (IL-6) and 2192.9 ± 177.6 pg/mL (PGE2) compared with 426.3 ± 86.1 pg/mL (TNF-α), 20.9 ± 7.7 pg/mL (IL-1β), 13.7 ± 15.4 pg/mL (IL-6) and 777.0 ± 92.2 pg/mL (PGE2), respectively, in the control group. Compared with positive control, SO extracts had the same effects on inhibiting the expression of TNF-α and PGE2. The expression levels of the two types of cytokines were 1136.0 ± 150.3 pg/mL (TNF-α) and 1420.1 ± 137.2 pg/mL (PGE2) in the SO group compared with 1147.3 ± 174.4 pg/mL (TNF-α) and 1342.6 ± 98.7 pg/mL (PGE2), respectively, in the positive control group. The effects of the SO extract on IL-1β and IL-6 were different from dexamethasone, while compared with the LPS group, the expression of the two interleukins were significantly decreased. SO extracts also could decrease the NO level in the culture supernatants. The NO concentration was approximately 15.3 ± 1.5 μmol/L in the SO group and 13.3 ± 2.5 μmol/L in the positive control, which was markedly reduced compared with 31.3 ± 3.5 μmol/L in LPS-stimulated group.

![Pro-inflammatory cytokines and NO secretion of RAW 264.7 cell LPS stimulated RAW 264.7 were treated by SO extract or dexamethasone (Positive Control, PC). The supernatants were collected and the concentrations of TNF-α, IL-1β, IL-6, PGE-2 and NO were detected, respectively. (A) The secretion level of IL-1β in supernatant; (B) the secretion level of IL-6 in supernatant; (C) the secretion level of TNF-α in supernatant; (D) the secretion level of PGE2 in supernatant; (E) the secretion level of NO in supernatant. The data represents mean ± SE of three independent experiments. One-way ANOVA and LSD tests were performed, \**p* \< 0.05 compared with the control (*n* = 4). \#*p* \< 0.05 compared with the LPS group.](IPHB_A_1280514_F0002_B){#F0002}

SO extracts inhibited the expression of COX-2 and TLR-4 {#s0017}
-------------------------------------------------------

The expression of COX-2 and TLR-4 on RAW 264.7 cells in each group were assessed by flow cytometry. As shown in [Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}, the results indicated that the expression of TLR-4 and COX-2 were both increased after LPS stimulation. The percentage of COX-2 in the RAW 264.7 cells in the control group was 64.95 ± 3.12%, and the mean fluorescence intensity (MFI) was 52.86 ± 4.56. The results of TLR-4 in the control group were 30.79 ± 3.11% and 49.05 ± 4.26 (MFI). After LPS stimulation, the percentage of COX-2 was increased to 85.92 ± 4.50%, and the percentage of TLR-4 was also increased to 54.33 ± 3.73%. The MFI of COX-2 also increased to 62.38 ± 3.49. However, the MFI of TLR-4 had no significant change, which was 51.01 ± 2.31 in the presence of LPS. The SO extracts inhibited the expression of both COX-2 and TLR-4 in LPS-stimulated RAW 264.7 cells, which induced the same effects as positive control. In the positive control group, the % and MFI of COX-2 were 74.89 ± 3.89% and 39.86 ± 2.13, respectively, and for TLR-4 were 32.60 ± 2.15% and 51.43 ± 2.1, respectively. In the SO group, the % and MFI were 72.92 ± 2.53% and 45.06 ± 4.23 for COX-2 and 43.36 ± 2.92% and 53.57 ± 4.19 for TLR-4, respectively (*p* \< 0.05 compared with LPS stimulated group).

![The expression of TLR-4 in RAW 264.7 cells. (A) The expression of TLR-4 in RAW 264.7 cells was tested by flow cytometry (a representative flow cytometry peak figure); (B) The bar graph showed percentage and mean fluorescence intensity (MFI) of TLR-4 on RAW 264.7 cells. Dexamethasone (Positive control, PC). The data represent the mean ± SE from four independent experiments. One-way ANOVA and LSD test. \**p* \< 0.05 compared with control. \#*p* \< 0.05 compared with the LPS group (*n* = 4).](IPHB_A_1280514_F0003_C){#F0003}

![The expression of COX-2 in RAW 264.7 cells. (A) The expression of COX-2 in RAW 264.7 cells was tested by flow cytometry (a representative flow cytometry peak figure); (B) the bar graph showed positive percentage and mean fluorescence intensity (MFI) of COX-2 on RAW 264.7 cells. Dexamethasone (Positive control, PC). The data represent the mean ± SE from four independent experiments. One-way ANOVA and LSD test, \**p* \< 0.05 compared with control. \#*p* \< 0.05 compared with the LPS group (*n* = 4).](IPHB_A_1280514_F0004_C){#F0004}

SO extracts decreased the NF-κB, pSTAT1 and pSTAT3 levels {#s0018}
---------------------------------------------------------

The potential signalling factors correlated with the anti-inflammatory effects of SO extract were assayed by testing for the expression of NF-κB, pSTAT1 and pSTAT3. The Western blot results showed that stimulation by LPS-induced cells to express more NF-κB ([Figure 5](#F0005){ref-type="fig"}). By analyzing the grey value, the SO extract treatment decreased the expression of NF-κB in the LPS-stimulated cells, but the effects were not equivalent to the treatment with dexamethasone. The relative ratios in each group were 59.79 ± 4.09% (control group), 61.16 ± 2.44% (positive group) and 77.64 ± 2.80% (SO group) compared with 86.65 ± 2.77% (LPS group). The production levels of pSTAT1 and pSTAT3 in cells were also analyzed by flow cytometry. The results showed that LPS stimulation could increase the MFI of pSTAT1 rather than increase its percentages ([Figures 6](#F0006){ref-type="fig"} and [7](#F0007){ref-type="fig"}). The MFI of pSTAT1 in the LPS group was 117.21 ± 4.75 compared with 56.5 ± 4.95 in the control. Moreover, the LPS did not affect the percentage or MFI of pSTAT3 in the RAW 264.7 cells. In the presence of dexamethasone and SO extracts, the MFI of both pSTAT1 and pSTAT3 were decreased to 74.84 ± 3.75 (dexamethasone) and 74.02 ± 2.58 (SO extracts) for pSTAT1 and 122.69 ± 3.96 (dexamethasone) and 108.27 ± 2.53 (SO extracts) for pSTAT3 (*p* \< 0.05 compared with LPS stimulated group).

![The expression of NF-κB in RAW 264.7 cells. (A) The expression of NF-κB in RAW 264.7 cells was tested by Western-blot, the β-actin was used as the internal control. (B) the bar graph of relative ratio (grey value (experiment)/grey value (internal control)). Dexamethasone (Positive control, PC). One-way ANOVA and LSD test, \**p* \< 0.05 compared with control. \#*p* \< 0.05 compared with the LPS group (*n* = 4).](IPHB_A_1280514_F0005_C){#F0005}

![The expression of pSTAT1 in RAW 264.7 cells. (A) The expression of pSTAT1 in RAW 264.7 cells was tested by flow cytometry (a representative flow cytometry peak figure); (B) The bar graph showed positive percentage and mean fluorescence intensity (MFI) of pSTAT1 on RAW 264.7 cells. Dexamethasone (Positive control, PC). The data represent the mean ± SE from four independent experiments. One-way ANOVA and LSD test, \**p* \< 0.05 compared with control; \#*p* \< 0.05 compared with the LPS group (*n* = 4).](IPHB_A_1280514_F0006_C){#F0006}

![The expression of pSTAT3 in RAW 264.7 cells. (A) The expression of pSTAT3 in RAW 264.7 cells was tested by flow cytometry (a representative flow cytometry peak figure); (B) The bar graph showed positive percentage and mean fluorescence intensity (MFI) of pSTAT1 on RAW 264.7 cells. Dexamethasone (Positive control, PC). The data represent the mean ± SE from four independent experiments. One-way ANOVA and LSD test, \**p* \< 0.05 compared with control; \#*p* \< 0.05 compared with the LPS group (*n* = 4).](IPHB_A_1280514_F0007_C){#F0007}

SO extracts reduced the oedema of mouse ears {#s0019}
--------------------------------------------

Fifty KM mice were used to analyze the anti-inflammatory effects of the SO extract *in vivo*. After 5 days of oral administration, the SO extract induced inhibitory effects on mouse ear oedema at low and mid-level concentrations ([Figure 8](#F0008){ref-type="fig"}). The oedema rates of each group were 81.88 ± 17.63% (SO low concentration group), 62.99 ± 19.57% (SO medium concentration group), 105.21 ± 20.26% (SO high concentration group) and 71.06 ± 16.20% (PC) compared with 108.70 ± 16.34% of the control group. It was shown that SO exerts significant anti-inflammatory effects at the mid-level concentration (250 mg/kg) and low concentration (125 mg/kg). The optimum concentration was 250 mg/kg, which induced greater effects than acetylsalicylic acid and had less effect on the weights of the mice.

![The oedema rate of ear and increased body weight in mice model. (A) The oedema rate of mice ear; (B) the increased body weight. (PC: Positive Control) Dexamethasone (Positive control, PC). The data represent the mean ± SE from four independent experiments. One-way ANOVA and LSD test, \**p* \< 0.05 compared with control (*n* = 10).](IPHB_A_1280514_F0008_B){#F0008}

Analysis of bioactive compounds in *S. oleraceus* aqueous extracts {#s0020}
------------------------------------------------------------------

The main bioactive compounds in *S. oleraceus* aqueous extract were analyzed by HPLC-MS ([Figure 9](#F0009){ref-type="fig"}). According to the fragmentation profiles of standard samples (Li [@CIT0015]), six main bioactive compounds were detected in the extracts: villosol, ferulaic acid, β-sitosterol, ursolic acid, rutin and β-daucosterin. The contents of these compounds were 2.21% (villosol), 0.39% (ferulaic acid), 6.15% (β-sitosterol), 0.49% (ursolic acid), 7.8% (rutin) and 0.98% (β-daucosterin).

![LC-MS analysis of bioactive compounds in the SO extracts. (A) LC-UV chromatogram monitored at 220 nm and LC-MS positive-ion ESI-MS total ion current (TIC) profile. (B) (a) Villosol at RT 5.689; (b) Ferulaic acid at RT 5.753; (c) β-Sitosterol at RT 7.355; (d) Ursolic acid at RT 9.674; (e) Rutin at RT 9.859; (f) β-Daucosterin at RT 10.704.](IPHB_A_1280514_F0009_C){#F0009}

Discussion {#s0021}
==========

Inflammation is a complex process that is induced by interactions between soluble factors and cells. When responding to traumatic, infectious, toxic or/and autoimmune injury, the body induces inflammation (Nathan [@CIT0021]). Macrophages are important immunocytes and play a key role in the inflammatory process by secreting many pro-inflammatory cytokines and mediators. Inflammation and the control and relief of the corresponding diseases represent universal challenges in medical science.

*Sonchus oleraceus* (SO) has been used to treat many types of inflammation, including swelling and pain, dysentery, appendicitis, arthritis and so on, in China. Although anti-inflammatory herbs have been used throughout history, the underlying mechanism has not been elucidated.

By using an LPS-stimulated RAW 264.7 cell model, the anti-inflammatory effects of SO extract were thoroughly assessed in the present study. It was shown that the IC~50~ of SO extract on RAW 264.7 cells was 702.8 μg/mL, and when the concentration of SO extract decreased to 31.3 μg/mL, there were almost no inhibitory effects on RAW 264.7 cells viability. For this reason, the concentration (31.3 μg/mL) was used to assess the effects of SO extract in LPS-induced inflammation in the subsequent experiments.

After activation by LPS, macrophages secrete TNF-α, which induces many physiological changes, including inflammation, septic shock and cytotoxicity (Doufas et al. [@CIT0008]), and then TNF-α triggers the production of IL-1β and IL-6 (Beutler & Cerami [@CIT0004]; Zhang & An [@CIT0036]). IL-1β and IL-6 are small molecules that modulate inflammation and immunity. In this study, the results showed that the SO extract decreased the production of these three cytokines and acted to inhibit the production of TNF-α, similar to dexamethasone.

As the most abundant prostaglandin in the human body, PGE2 is an important mediator of inflammatory symptoms, including fever and pain. PGE2 is synthesized by the COX enzyme that is expressed in all processes of inflammation (Funk [@CIT0010]; Lee et al. [@CIT0014]). The results of this study showed that SO extracts could inhibit the production of PGE2 via inhibiting the expression of COX-2. NO is generated by nitric oxide synthases (NOSs) and is known as an inflammation modulator involved in various physiological functions (Bogdan [@CIT0006]). The production of NO was also inhibited by SO extract, which served as the positive control.

Macrophages express TLRs that play key roles in recognizing microbial flora and inducing subsequent immune responses (Yayeh et al. [@CIT0033]). Studies have demonstrated that, after stimulation by bioactive compounds obtained from fungi, TLRs could trigger various biological processes *via* TLR-mediated signal pathways. These TLRs initiate a series of kinase phosphorylations and cause NF-κB activation (Akira [@CIT0002]; Medvedev et al. [@CIT0020]). The flow cytometry results indicated that SO treatment could inhibit the expression of TLR-4 on LPS-stimulated RAW 264.7 cells, which may be the underlying mechanism of the decreased production of pro-inflammatory cytokines and mediators in the SO-treated group. NF-κB is known for its unique role in coordinating immune and inflammatory responses (O\'Sullivan et al. [@CIT0023]). Studies have indicated that the NF-κB expression changing is likely to influence the production of pro-inflammatory cytokines (Adewoyin et al. [@CIT0001]). The results of this study showed that the inhibited production of NF-κB and pSTAT1 also help to explain the decreased production of pro-inflammatory cytokines and mediators in the RAW 264.7 cells in the SO treatment group.

Moreover, the *in vivo* experiment also showed the significant anti-inflammatory effects of SO extract. By using carrageenan-induced paw oedema rat model, Vilela et al. studied the anti-inflammatory and antipyretic effects of *S. oleraceus*. Their results indicated the extract of *S. oleraceus* administered at 300 mg/kg p.o. had a stronger anti-inflammatory effect on rats. And in the present study, we analyzed the anti-inflammatory effects of SO using mouse ear oedema model. The results showed that the SO extract induced favourable anti-inflammatory effects (decreasing xylene-induced mouse ear oedema) through oral administration of the 250 mg/kg concentration. It functioned as well as the acetylsalicylic acid (100 mg/kg) and had less effect on the weights of the mice.

Li et al. ([@CIT0016]) showed that villosol, ferulaic acid, β-sitosterol, ursolic acid, rutin and β-daucosterin are the main bioactive components in *S. oleraceus*. In recent years, large quantities of flavonoids had been isolated from the *S. oleraceus,* together with other types of active principles including triterpenes, iridoids, sterols, coumarins and organic acids (Li et al. [@CIT0016]; Yoo et al. [@CIT0035]; Hu et al. [@CIT0013]; Hassan et al. [@CIT0011]; Liu et al. [@CIT0017]). In our study, rutin (a kind of flavonoids) and β-sitosterol (a kind of sterols) are the major components of *S. oleraceus*. Rutin modulates multiple biological functions with anticancer, antiviral, antibacterial and anti-inflammatory activities due to its appreciable free radical-scavenging and antioxidant capacities (Hosseinzadeh & Nassiri-Asl [@CIT0022]). As a potent anticancer nutraceutical, β-sitosterol interferes with multiple cell signalling pathways, including cell cycle, apoptosis, proliferation, metastasis and inflammation (Bin Sayeed & Ameen [@CIT0005]).

Conclusions {#s0022}
===========

In conclusion, the results of this study indicated that SO extract exerted anti-inflammatory effects *in vitro* and *in vivo*. By inhibiting the expression of TLR-4, NF-κB and pSTAT1, the SO extract decreased the production of pro-inflammatory cytokines and mediators in RAW 264.7 cells stimulated by LPS. The extract also inhibited xylene-induced mouse ear oedema. The anti-inflammatory components in SO extract may include villosol, ferulaic acid, β-sitosterol, ursolic acid and rutin, and these extract will be further developed as novel pharmacological agents against inflammatory diseases.
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